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Background: Folate plays an important role in DNA synthesis and methylation and thus, dietary 
inadequacy is of particular concern primarily among reproductive age women. Studies to date show 
that achieving recommended dietary folate intakes can be difficult, especially in countries without 
mandatory folate fortification. In an effort to address this nutrient gap, the New Zealand 
government have instituted voluntary fortification of certain foods with folic acid (bread, breakfast 
cereals, fruit juice and others) since the mid-1990s. More recently, the New Zealand Association 
of Bakers have committed to fortifying a minimum of 25 % to 50 % of breads by sales volume, 
with folic acid. It is unknown whether increased bread fortification and/or changes in dietary 
patterns over time have influenced dietary folate intakes and the prevalence of inadequacy among 
the target population.    
Objective: The aim of the study was to assess dietary folate intakes and major food group 
contributors of folate among a sample of New Zealand female adolescents aged 15 – 18 years.   
Design:  Healthy, female adolescents were recruited from eight high schools across the country. 
Sociodemographic data were collected via an online, self-administered questionnaires, and 
anthropometric data were collected using standardised techniques. Dietary data were collected 
using two non-consecutive 24-hour recalls. Usual energy and folate intakes, including natural food 
folate and folic acid, and the prevalence of folate inadequacy were estimated by means of dietary 
recalls after adjusting for intra-individual variation. Food consumption was also categorised into 
33 food groups and the top dietary contributors of total folate intake were calculated.  
Results: One-hundred and forty-five participants were enrolled in the study, with 132 completing 
dietary intake data. The average age of participants was 16.7 years, the majority were New Zealand 
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European and Others, and 34.6 % of participants were classified as overweight and obese. Dietary 
results showed that the median total intake of folate was 347.2 (216.0, 430.3) µg dietary folate 
equivalents (DFEs)/day, and the prevalence of inadequacy was 41.7 %. A comparison of folate 
intakes by various socio-demographic subgroups revealed apparent differences with increased risk 
of inadequate intakes among participants from lower decile schools, and of Maori and Asian 
descent albeit sample sizes were small. Of the total folate intake in the sample population, median 
intake of natural food folate and food folic acid was 223.9 (161.7, 263.4) µg/day and 102.5 (75.1, 
145.4) µg/day, respectively. Breads (including rolls and specialty breads) represented the top 
dietary contributor of total folate intake (17.7 %), followed by vegetables (10.9 %) and breakfast 
cereals (10.8 %). Breads were consumed by the majority of participants (81.8 %) whereas breakfast 
cereals were consumed less frequently by the sample population (38.6 %).  
Conclusion: The overall prevalence of inadequate folate intakes was high despite consumption of 
folic acid fortified foods such as breads and breakfast cereals.  Moreover, the results indicate that 
total folate intakes among reproductive age women have not increased over the last ten years 
despite increased voluntary folic acid fortification of breads in New Zealand. While further work 
is needed to recruit a more representative sample of the population, these findings raise concern 
regarding the effectiveness of the current voluntary folic acid fortification policy in New Zealand 






This study is the first phase of a larger study termed, SuNDiAL (Survey of Nutrition Dietary 
Assessment and Lifestyle) Project conducted in the Department of Human Nutrition at the 
University of Otago, Dunedin, New Zealand.  The primary investigators Drs Meredith Peddie and 
Jill Haszard were responsible for the overall study design and protocol along with recruitment of 
participating high schools.  
The candidate, Loo Yee Lee (LY) was responsible for the following: providing an information 
session to eligible participants Tauraroa Area School, enrolment of participants and collection of 
all data from the participants. Recruitment and participant enrolment took place from the 25th 
February to 30th March 2019. Data collection was carried out in collaboration with Stacey Gunn, 
Master of Dietetics (MDiet) student. Together we were specifically responsible for collecting the 
first and second 24-hour recall, anthropometry measurements (height, weight and ulna length), 
accelerometers and blood and urine samples.  
To ensure uniform and standardised data collection, all MDiet students (n = 29) were required to 
complete a six-week research methods paper in September 2018. Of the six-week programme, the 
data collectors (MDiet students) completed a one-week anthropometry measurement training 
session in September 2018 and were provide with a detailed standard operating procedure manual.   
All MDiet students were also given training with regard to diet recall data entry into FoodWorks 
(version 9.03973; Xyris Software, Australia Pty Ltd); and responsible for entering all food records 
collected from their participants into FoodWorks. Food folate and folic acid content of all breakfast 
cereals in FoodWorks were reviewed by LY, and where needed, values where updated by Liz 
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Fleming using manufacturer’s nutritional label panel. Folate fortified breads in FoodWorks were 
also assigned with a folic acid value of 162 µg/ 100 grams of finished products (based on the 2017 
bread analytical report).  
Dr Jill Haszard was responsible for adjusting the dietary data for intra-individual variation and 
generated the dataset output for the socio-demographic, anthropometric and dietary folic acid, 
natural food folate, total folate equivalents (DFEs) in addition to major food sources of total folate 
intakes.  
In guidance with Academic Supervisor Lisa Houghton, LY was then responsible for tabulating and 
performing descriptive analysis (median intake, 25th and 75th percentile) using Microsoft Excel for 
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Folate is a collective term given for naturally occurring food folates, and folic acid in dietary 
supplements and fortified foods. Folate functions as a coenzyme and is responsible for donating 
one-carbon units in folate-requiring processes involved in the synthesis of nucleic acids (DNA and 
RNA) and metabolism of amino acids (1). Adolescents are at the peak of their growth with 
increased nutritional needs and rapidly dividing cells, placing high requirements on folate intakes 
(2). Any disruption to these metabolic processes can lead to megaloblastic anaemia, one of the 
hallmarks of folate deficiency (1). Folate, however, has gained more attention over the years due 
to its vital role in preventing neural tube defect (NTD)-affected pregnancies (1). 
Folate can be found naturally in yeast, eggs, liver, green leafy vegetables, leguminous vegetables 
and oranges, whereas synthetic folic acid is present only in supplements and manufactured foods 
and drinks (3). Naturally occurring food folate has a lower bioavailability relative to folic acid due 
to its oxidation state (1). Dietary folate intake data for female adolescents in New Zealand are 
limited. Median folate intakes (203 µg/day) among female adolescents derived from the National 
Nutrition Survey in 1997 did not differ from a cross-sectional study of folate intakes among young 
adult reproductive age women in 2008 (261 µg/day) (4, 5). Moreover, the majority of females in 
the latter study were consuming intakes below their Estimated Average Requirement (EAR) of 330 
µg Dietary Folate Equivalents (DFEs)/day.  
Voluntary folic acid food fortification has been implemented since 1996 to address this nutrient 
gap. This includes a range of food products such as breads, breakfast cereals, yeast-based spreads, 
fruit and vegetable juices, and milk alternatives (6).  A proposal to implement mandatory folic acid 
fortification of all commercial breads in New Zealand was revoked in 2012. Instead, the New 
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Zealand Government issued a permit to allow voluntarily fortification of breads with folic acid at 
a level no more than 250 µg folic acid per 100 grams finished product (6). In addition, the New 
Zealand Association of Bakers established a voluntary Code of Practice with the goal of fortifying 
25 – 50 % by volume of packaged, sliced loaf bread (6). In addition, the number of folate-fortified 
products available for sale in New Zealand has increased over the years (432 products in 2017 
compared to 321 products in 2013), with breakfast cereals having the highest number of fortified 
products (34 %) followed by breads (10 %) and breakfast beverages (8 %) (6). The projected 
average increase of folic acid intake among women of childbearing age attributable to fortified 
food products was estimated to be about 56 µg/day (5).  
The impact of the changes in food supply due to fortification of folic acid may have influenced the 
intake of both naturally occurring folate and folic acid. Hence, the objectives of this study were to 
examine the folate intakes and contribution of dietary folate from natural food folates and folic acid 
added to food among a convenience sample of New Zealand female adolescents. Major food group 
contributors of dietary folate intake were also investigated to better understand the top food sources 






2 Literature Review 
2.1 Chemical structure and properties  
Folate is the generic term given for a family of compounds consisting of the following three 
moieties: a pteridine ring, a para-aminobenzoate (p-ABA) ring and a tail of one or more L-
glutamates, linked through their γ-carboxyl groups (Figure 1) (7). The family of compounds 
include folic acid and its derivatives 5-methyltetrahydrofolate (5-MTHF), 5-formyltetrahydrofolate 
(5-FTHF or folinic acid), 10-formyl-THF, 5,10-methylene-THF and unsubstituted THF (8).  
 
Figure 1. Chemical structure of folates. The folate molecule consists of pterin, p-ABA and 
glutamate moieties marked with square brackets. The folate shown is the monoglutamyl form of 
tetrahydrofolate (THF). The pteridine ring of folates can exist in tetrahydro, dihydro, or fully 
oxidized forms (9).  
Reduced folate polyglutamates can be found in cells and dietary sources. When in their reduced 
states, particularly the unsubstituted dihydro- and tetrahydro- forms, are extremely labile and 
susceptible to oxidative cleavage  (10). Folate compounds are easily cleaved between the C-9 and 
N-10 bond, yielding a split pteridine ring and p-ABA and thus, biological inactivity of the vitamin 
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(10). Although substituting the N-5 or N-10 position with a carbon group will decrease the tendency 
of the vitamin to cleave, the substituted forms are also liable to oxidation and consequently loss of 
activity (10).  
The chemical lability of naturally occurring folates can cause significant loss. Up to half of the 
initial vitamin’s activity may be lost during activities of harvesting, storage, processing and 
preparation (10). In the synthetic form, the pteridine ring is not reduced and resistant to chemical 
oxidation (1). Folic acid is only found in fortified foods, supplements and pharmaceuticals. 
Naturally occurring folates from dietary sources are usually in tetrahydrofolate form with 
additional glutamate residues while folic acid is in the fully oxidised monoglutamate form (1). 
2.2 Food sources and bioavailability  
Folate levels vary greatly between food sources, the highest being found in yeast, eggs, liver, green 
leafy vegetables, leguminous vegetables and oranges (3).  Relative to folic acid, naturally occurring 
food folate has a lower bioavailability (11). The bioavailability of natural folates can be affected 
by the incomplete removal of the attached glutamate chain during absorption, thereby reducing the 
bioavailability of natural folates by as much as 25 – 50 % (1). Other factors include the amount 
ingested and methods of processing folate containing foods, resulting in variable folate losses prior 
to ingestion and making it impossible to quantify its exact bioavailability (12). The bioavailability 
of folate is about 50 % albeit highly variable while that of folic acid is around 85 % (2).  
Folate bioavailability is defined as the proportion of ingested folates from diet, which is absorbed 
in the gut and available for metabolic folate-requiring processes or storage (1). A number of 
potential factors that can influence the bioavailability of folates from various foods include 
intestinal hydrolysis of polyglutamly folates into monoglutamates, the extent of conjugation of 
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food folate sources, folate absorption in the small intestine, partial release from food matrix, 
instability of certain labile folates during digestion (or before ingestion), and the presence of certain 
dietary constituents that may enhance folate stability during digestion (1), (7). 
It has been suggested that consuming dietary folates with the presence of substances with 
antioxidative properties, such as ascorbic acid, may enhance the stability of reduced folates during 
absorption as shown in vitro (13).   
 To account for the higher bioavailability of synthetic folic acid in relative to naturally occurring 
food folate, the recommended folate intakes are expressed in terms of dietary folate equivalents, 
DFEs, whereby it is defined as the quantity of natural food folate plus 1.7 times the quantity of 
folic acid in the diet (8). 
2.3 Absorption, transport and storage  
Absorption 
Absorption occurs primarily within the proximal small intestine under a saturable, pH-dependent 
process, with maximum absorption at pH 6 (1). Dietary folates are typically present as conjugates 
with polyglutamyl chain of different numbers of glutamic acid that will be hydrolysed into the 
monoglutamate forms in the gut prior to absorption across the intestinal mucosa (14). Folate 
conjugase located on the brush surface of enterocytes removes the polyglutamyl chains, yielding a 
single glutamic acid (15). The reduced folate monoglutamate will then be absorbed across the 
mucosa. If it is not already in the 5-MTHF (the derivative where it enters the body directly), which 
is common for most dietary folates, the absorbed monoglutamates will be further reduced and 
methylated to 5-MTHF during the transition through the intestinal mucosa (15). Thus, under most 
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circumstances, the only form entering the human circulation from the intestinal cells is the 5-MTHF 
folate monoglutamate.  
Folate in human plasma is almost exclusively in 5-MTHF form, with a small percentage of other 
reduced forms being reported (15). As mentioned previously, folic acid also has to be reduced to 
the THF form and then converted to 5-MTHF monoglutamate during its transit through the gut 
mucosa before its release in to the portal vein (15). This process is limited in capacity if enough 
folic acid is given orally, unaltered folic acid can appear in the circulation (15). Unaltered folic 
acid that appear in the circulation can be taken up by other cells as long as those cells have enzyme 
DHF reductase that allow it to reduce and utilise it (15).  
Transportation  
Dietary folates are converted to monoglutamates in the gut, absorbed by an active process, and 
distributed to tissues by the enterohepatic cycle, possibly utilizing folic acid binding proteins (15). 
The mechanism by which ingested folates cross the mucosal cell and get released across the 
basolateral membrane into the portal circulation is not well understood. Although metabolism of 
folic acid and reduced folates to 5-MTHF can occur during this transit, no metabolism is required 
for transportation. The monoglutamate folates are actively transported across the proximal small 
intestines through an active energy-dependent and carrier-mediated process. Passive absorption 
occurs when pharmacological doses are consumed (1). The proton coupled folate transporter 
(PCFT) appears to be the main carrier that transport absorbed folates into the mucosal cell. This 
transporter is highly expressed in the jejunum and duodenum. It functions at acidic pH (optimum 
pH at 5.5) and has a similar affinity for reduced folates and folic acid. At pH 6.5, 5-MTHF is 
transported more effectively than folic acid (1).   
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After folate absorption into the portal circulation, much of the 5-MTHF can be taken up by the 
liver, where it will be either metabolised to polyglutamate derivatives and retained in tissues or 
released into blood or bile. About 50 % of the plasma bound folate are bound to albumin and this 
proportion increases during folate deficiency (1). Erythrocytes contain a much higher level of folate 
than plasma and most of them are 5-MTHF polyglutamates. Mature erythrocytes have minimal 
capacity to transport and accumulate folate. Folate stores are retained during erythropoiesis, as a 
result, erythrocyte folate concentration is often used as a measure of long-term folate status (1).   
A number of folate transport systems are postulated to mediate the cellular transport of folate, these 
are characterised as either membrane carriers or folate-binding protein-mediated systems (1). 
Under physiological conditions, these transport systems are not saturated by folate but are expected 
to elevate in plasma following supplementation (14). 
Storage 
Natural folate compounds exist in tissues as polyglutamates – these serve to keep the folates within 
the cell since only the monoglutamate forms are transported across membranes and only the 
monoglutamates are found in the plasma and urine (16). The ability of tissues to store excessive 
folate is limited (17). The amount of total body folate content in adults is highly variable ranging 
from 22 to 100 mg (18). The existence of a small folate pool with a fast turn over (half-life of a 
few hours) is associated primarily with the monoglutamyl folates in plasma, whereas a large folate 
pool with a slow turnover (half-life of months) are composed mainly of the polyglutamates in 




Folate within cells follow three distinctive folate compartments, cytosolic, mitochondrial and 
nuclear. About 50 % of folate in the cell is stored within the mitochondria, predominantly in the 
form of 10-formyltetrahydrofolate, whereas the cytosol contains mainly 5-MTHF (8).  
2.4 Metabolism and Function  
Folate is a cofactor responsible for the transportation of one-carbon units of various oxidation levels 
(methyl-, formyl-, methylene-), vital for the biosynthesis of DNA and methylation reactions (12). 
Oxidation states of these one-carbon units range from methane to carbon dioxide, with the first 
being most reduced and the latter being the most oxidised (16). 
Nearly all-natural folate derivatives in diet and in the body are present in the reduced form, typically 
5-MTHF in humans. (22). In order for folate to carry one-carbon units, it must first be reduced to 
the tetrahydro state (16). Dihydrofolate (DHF) reductase is responsible for a two-step enzymatic 
reduction of synthetic folic acid to THF (Figure 3). Reduced folic acid then gains metabolic activity 
similar to other folate derivatives (12) (23). 5-MTHF is the predominant form of folate that exist 
in dietary folate sources. The methyl group of 5-MTHF is transferred to homocysteine by MS, 
generating methionine and regenerating THF (Figure 3) (23).  
THF is a folate precursor can also be derived from folate-containing food sources, play an essential 
part as a cofactor in the one-carbon metabolism (24). THF manipulate and assemble upon 
metabolic requirements through functioning as carriers for one-carbon units, activate one-carbon 
units for biosynthesis and help facilitate the transfer of one-carbon units required for metabolic 
pathways (1).  
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Folate-requiring reactions are collectively referred to as one-carbon metabolism, including those 
involved in stages of amino acid metabolism, purine and pyrimidine synthesis and the formation 
of primary methylating agent, S-adenosylmethionine (SAM) (24). The polyglutamyl form of THF 
is the central folate acceptor in the one-carbon cycle (24). 
The conversion of THF to 5,10-methylene-THF is a crucial first step in the one-carbon cycle that 
employs the 3-carbon of serine as a major carbon source (24). This one-carbon unit is transferred 
from serine to THF via pyridoxal phosphate (PLP) dependent serine hydroxymethyltransferase 
(SHMT) to yield 5,10-methylene-THF and glycine (Figure 3) (24). 
Some of the produced 5,10-methylene-THF undergoes irreversible reduction to 5-MTHF by 
methylene tetrahydrofolate reductase (MTHFR) (24). 5-methylene-THF can also be used for the 
synthesis of thymidine, which is incorporated in to DNA or oxidised to formyl-THF for the 
synthesis of purines. The N-5 methyl group of 5-MTHF is the methyl donor in the remethylation 
of homocysteine to methionine through the action of methionine synthase (MS) (12).  
MTHFR plays a key role in one-carbon metabolism by converting methylene-THF to 5-MTHF, 
therefore irreversibly converting this one-carbon moiety to methylation of homocysteine synthesis 
(24). During the methionine synthase reaction, the substrate formed from removing a methyl group 
from 5-MTHF, will be transferred to coenzyme vitamin B-12, is vital for the regeneration of 
methionine from homocysteine (24).  
In this reaction where folate regenerates methionine from homocysteine, MS will act as a catalyst 
and vitamin B12 as coenzyme. During this reaction, the methyl group in folate will be transferred 
from 5-MTHF to the coenzyme, vitamin B12, to form methylcobalamin, and complete when it is 
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transferred to homocysteine. Hence, deficiency of B12 will result in the accumulation of 5-MTHF, 
forming a blockage in folate metabolism also known as the methyl trap (25).  
 
Figure 3. Overview of one-carbon metabolism (23).  
Methionine is an essential amino acid that serves as an important intracellular methyl group donor 
that will be converted to SAM, a key biological methylating agent involved in hundreds of 
methyltransferase reactions (12, 24). THF is also regenerated during the methionine synthase 
reaction, important for the formation of 5,10-methylene-THF and 10-formyl-THF that will be used 
directly in thymidylate and purine synthesis reactions (24).  
In the thymidylate synthase reaction, 5,10-methylene-THF donates its CH2 unit to become 
thymidine methyl group. During de novo purine synthesis, two separate steps utilise 10-formyl-
THF (24).  
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2.5 Nutrient Reference Values  
Nutrient reference values (NRVs) are a set of nutrient values established on evidence-based 
relationships between nutrient intakes and indicators of nutrient adequacy among healthy 
populations (26). NRVs include Estimated Average Requirement (EAR), Adequate Intake (AI), 
safe upper level of intake (UL) and the Recommended Dietary Intake (RDI).  
In New Zealand, the RDI for folate is calculated to meet the daily nutrient needs of nearly all (97-
98 %) of healthy individuals in a population, adjusted for specific life stages and gender. For 
adolescent females, the RDI of folate is 400 μg DFEs /day (27). This is derived by adding two 
standard deviations above the EAR of 330 μg DFEs/day – the daily intake of folate estimated to 
meet the requirements of half the healthy individuals in particular life stage and gender group (27).  
Folate intake’s requirements and recommendations are expressed as DFE that adjust for the greater 
degree of absorption of folic acid as compared to naturally occurring folate (where the below 
formula has illustrated 1µg of folate equals to 0.6µg folic acid with meals or as fortified foods or 
0.5µg folic acid on an empty stomach) (27).  
1	µ$	%&'()*+	,-.)('	'/0&1).'2(	(456) 	= 	1	µ$	,--%	,-.)(' 
= 	0.5	µ$	,-.&<	)<&%	-2	)2	'=>(+	?(-=)<ℎ	
= 	0.6	µ$	,-.&<	)<&%	B&(ℎ	=').?	-*	)?	,-*(&,&'%	,--%?	
RDI is meant for assessing individuals’ usual intake for probability of inadequacy(26). When 
assessing the adequacy of population group intakes, the EAR is used applying the cut-point method. 
Using the RDI as a cut-point for assessing nutrient intakes of groups can result in a serious 
overestimation of the proportion of the group at risk of inadequacy (26). To assess the prevalence 
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of inadequacy of interest group, one simply counts number of individuals in the interest group have 
usual intakes below the EAR. 
Given there are no experimental folate data available for adolescents, the EARs were extrapolated 
using adult data generated under controlled metabolic conditions (26, 27). Folate requirements can 
be influenced by a number of factors such as the bioavailability of folic acid and dietary folate, 
interactions between nutrients or other food components, smoking, drug-nutrient interactions and 
genetic variations (14, 27). Requirements increase substantially for female adolescents capable of 
becoming pregnant where the EAR and RDI increase to 520 μg/day and 600 μg/day subsequently 
(14, 27). Processes associated with pregnancy such as rapid uterine enlargement, placental and 
foetal development and expansion of maternal red cell number, altogether increase pregnant 
adolescent females’ folate requirements, to ensure normal cell division and metabolism (14). In 
addition to consuming a variety of dietary folate, folic acid of 400 μg/day in supplemental form or 
in fortified foods is needed to reduce risk of NTD (27).  
The UL is the highest level of daily nutrient intake that is likely to pose no risk of adverse effects 
for almost all people (26). The UL set for female adolescents 14 - 18 years is 800 μg/day as folic 
acid (27). No adverse effects have been associated with the consumption of DFE normally found 
in dietary sources or fortified foods (27). Concerns, however, exist with regards to excessive intake 
of supplemental folic acid, given the metabolic interrelationships between folate and B12. 
Specifically, evidence suggest that high supplemental intakes of folic acid can precipitate or 
exacerbate the B12 deficiency (27). In addition, increased neurological risks among participants 
with B12 deficiencies have been associated with higher serum folate levels, levels of higher 
methylmalonic acid (MMA) and homocysteine (28).   
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2.6 Functions and Consequence of Suboptimal Folate Intake 
Folate plays an important role in the body as a cofactor to transport one-carbon units at various 
oxidation levels (methyl-, formyl, methylene-) (16). Folate cofactors are vital for folate-requiring 
biosynthetic reactions such as restoration of DNA and RNA (synthesis of purine and thymidine) 
and methylation reactions (regeneration of methionine from homocysteine), all of which are part 
of one carbon metabolism (29).  
Depletion of folate storage as a result of negative folate balance will reduce the division rate of all 
cells in the body (14). The impairment of cell division may be attributed to the role played by folate 
in synthesis of nucleic acid (1, 15). This is most obvious in cells which have a high turnover such 
as bone marrow cells and erythrocytes (1). As a consequence of decreased DNA synthesis, 
impaired maturation and poor division of erythropoietic nuclei will result in macrocytic 
erythrocytes precursors that accumulate in the bone marrow (1).  
Due to the metabolic interrelationships of folate, methionine and homocysteine, folate deficiency 
leads to elevated homocysteine, which is an independent risk factor for cardiovascular disease or 
stroke (25). Folate is required for the remethylation of homocysteine to methionine which is 
dependent upon sufficient levels of the one carbon donor, 5-MTHF (1). This reaction is catalysed 
by MS and requires vitamin B12 as coenzyme. Hence, conditional folate deficiency occurs as a 
consequence of vitamin B12 deficiency, where the accumulation of 5-methyltetrahydrofolate folate 
forms a block in the folate metabolism (25). While evidence also suggests that an elevation in 
plasma homocysteine is a prevalent and strong risk factor for cardiovascular or stroke, 
supplementation trials have not supported this associated risk (30).  
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Disruptions in folate metabolism are also suspected to increase risk of NTDs, a set of birth defect 
that occurs early in pregnancy and ranges in severity (31, 32). Although the metabolic pathways 
underlying the association between folate-mediated one carbon metabolism and NTD pathogenesis 
are still unknown, the protective role that folic acid plays in the prevention of NTD is now well 
established (1). As such, mandatory folic acid fortification of the food supply in many countries 
has resulted in meaningful reductions in the prevalence of spina bifida, anencephaly, and overall 
NTD prevalence (33).  
Folate deficiency has also been associated with a decline in cognitive functions, however data are 
limited, particularly with regards to cognitive function of adolescents (34). However, one study 
found that higher folate intake had a positive association with academic achievement among a 
sample of Swedish adolescents (34).  
2.7 Dietary folate intake and the prevalence of inadequacy: 
Based on the key results from the New Zealand 1997 National Nutrition Survey, the usual median 
daily intake of food folate for the New Zealand population was 278 µg for males and 212 µg for 
females (4). Folate intakes did not differ across age groups, however females from higher 
socioeconomic groups had greater intakes than those from lower socioeconomic status (4). The top 
ten food groups that contributed to the folate intake of female adolescents (15 – 18 years) were 
vegetables (15 %), breads (15 %), breakfast cereals (10 %), fruits (9 %), potatoes and kumara (8 %), 
sauces (6 %), non-alcoholic beverages (5 %), milk (4 %), bread-based dishes (4 %) and beef and 
veal (2 %) (4). These food folate contributors did not change in the last National Adult Nutrition 
Survey 2008/09, however due to the insufficiency of nutrient composition data, folate intake data 
have not been published.  
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More recent albeit smaller surveys of adolescent and young adult females in New Zealand have 
found similar folate intake levels. For instance, a survey of reproductive aged women (n = 144; 
average age 24 years) from Dunedin reported an average folate intake of 255 µg/day as measured 
using 3-day weighed food records (35). These findings were also consistent with another study of 
female adolescent ballet dancers living in Auckland (n = 47; average age 14 years), which observed 
an average folate intake of 302 µg DFE /day via 4-day weighed food records (36).  
The overall estimated prevalence of inadequacy in the 1997 New Zealand population was 7.1 % 
with females aged 15 to 24 years having a higher prevalence of inadequate intake (21.2-22.2 %) 
compared with older females 45+ years (9.2-9.8 %) (4). Furthermore, Maori females had a higher 
prevalence of inadequate intake (23 %) compared with NZ Europeans and others (11.5 %) (4). A 
smaller study conducted among a sample of reproductive age women (n = 140; average age 24 
years) reported a much higher risk of inadequacy, with over one-third (37 %) of the participants 
consuming folate intakes below the required EAR (37). In contrast, the Auckland study of 
adolescent female ballet dancers found over 60 % of the participants to be consuming inadequate 
folate intakes (36). It appears potentially that the prevalence of folate inadequacy among females 
has increased since the last national nutrition survey of folate intakes; however, it should be noted 
that a lower EAR was employed in the 1997 survey (EAR of 150 µg/day for all sex and age) as 
compared to the EAR used in the more recent studies (EAR of 320 µg DFE /day and 330 µg 
DFE/day respectively).  Furthermore, the EAR used for measuring folate intake adequacy in the 
1997 survey did not take into account of the bioavailability of folate, potentially underestimating 
the total folate being consumed.  
The comparison between the folate intakes and prevalence of folate inadequacy of female 
adolescents (or women of reproductive age) of different countries are summarised below in Table 
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1. Countries listed in the table below such as United States, Canada, and Australia have instituted 
mandatory folic acid fortification whereas New Zealand, most of Europe and Spain are regulated 
by voluntary folic acid fortification policy. It is important to note that when comparing between 
surveys, meaningful observations are limited by the various cut-offs used. For instance, the 
England study had used a population recommended dietary intake of 200 µg/day, whereas the 
United States survey measured dietary folate adequacy based on EAR of 330 µg DFE /day (See 
Table 1). As a result, these methods can lead to different prevalence estimates of nutrient 
inadequacy.  
The term total folate is defined as the sum of naturally occurring food folate and folic acid from 
fortified foods as well as dietary supplements (41). In the present thesis, total folate will be 
expressed in DFEs to account for the higher bioavailability of folic acid when compared to 
naturally occurring folate (41). 
Following the mandatory folate fortification in United States, a study was conducted examining 
folate intakes over time using data collected by the National Health and Nutrition Examination 
Survey (NHANES) III 1988 – 1994 (pre-fortification of folate) and NHANES 1999 – 2000 (post-
fortification of folate) (n = 2616; 20 – 39 years). Results indicated that the mean dietary total folate 
intake of females (n = 2260; 20 – 39 years) post-fortification was 294 µg/day suggesting an increase 
in total folate intake by 77 µg DFE/day (36 %) (38). Fortified food group ‘bread, rolls, and crackers’ 
became the single largest contributor of total folate to the American diet, contributing 15.6 % of 
total intake, surpassing vegetables (12.6 %), followed by breakfast cereals (12.1 %), mixed dishes 
(7.4 %), fruit juice (6.2 %) and rice and other grain products (6.2 %) (38). A further increase in the 
total folate consumption of the population was also observed based on the 2003 – 2006 NHANES 
data. The mean folate intake of female adolescents in this latter survey period (n = 1250; 14 – 18 
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years) was 496 µg DFE/day, with 22.4 % of them consuming below the EAR (39). Younger 
females (14 – 18 years) exhibited a higher prevalence of folate inadequacy (19.0 %) when 
compared to older females (19 – 30 years: 16.9 %) (39). A difference in the prevalence of 
inadequate intake was also observed among racial groups. For example, the prevalence of 
inadequate intakes of total folate was significantly higher for non-Hispanic black women (28.7 %) 
as compared to non-Hispanic white women (22.2 %) (39). 
Based on the 2007 Australian National Children’s Nutrition and Physical Activity Survey (2007 
ANCNPAS), the mean folate intake of female adolescents (14 – 16 years) was 381 µg DFE/day, 
with 29% of folate inadequacy (40). Major food folate contributors were not reported in the national 
survey however, another study examining the estimated folate intakes of the Australian population, 
reported that the major food contributors of folate intake among Australian females (16 – 44 years) 
post-fortification were regular breads and rolls (34 %), yeast, vegetables and meat extracts (9 %), 
breakfast cereals, mixed or single source (8 % and 5 % respectively) (41). A more recent study was 
conducted in Western Australia, the median food folate intake of female adolescents (n = 1754; 
average age 17 years) was 204 µg DFE/day for supplement non-users and 224.4 µg DFE/day for 
supplement users, as measured using food frequency questionnaire (42). The prevalence of 
inadequacy for non-supplement users and supplement users in this study were 93.5 % and 67.6 % 
respectively (42).  
Another recent study on female university students (n = 310; average age 20.7 years) in Liverpool, 
England reported a mean folate intake of 171.3 µg/day via 3-day food diary record (43). 
Overweight students were found to have lower folate intakes (162 µg/day) when compared to 
students with normal weight (177 µg/day). The study reported 14 % of the participants consuming 
folate below the RNI cut-off of 200µg/day (43). The major food groups that contributed to folate 
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intake of United Kingdom women (35 – 44 years), according to recent evidence from the European 
Prospective Investigation into Cancer and Nutrition (EPIC) study, were cereal and cereal products 
(22.7 %), vegetables (22.4 %), fruits, nuts and seeds (9.7 %), dairy products (9.3 %) and potatoes 
or other tubers (6.4 %) (44). Similar findings were observed for Brazilian graduates (n = 2695; men 
and women; average age 36.2 years), whereby dietary folate intake was negatively associated with 
excess body weight and obesity (45). Individuals consuming higher intakes of folate (≥ 511.12 
µg/day) had a lower prevalence of excess body weight and obesity (45). Beans or lentils and French 
bread were the two highest contributors to folate intake among the Brazilian participants (23.5 % 
and 10.0 % respectively) (45). 
In Spain, a nationwide study (n = 895; average age 8.8 years) conducted on a sample of children 
and adolescents (six months – 18 years) reported a mean folate intake of 242.7 µg/day for female 
adolescents (14 – 17 years), as measured by dietary recalls (46). These findings were similar to the 
intakes of female adolescents in Southern Spain (n = 230; average age: 11.7 years) (276.2 µg/day) 
(47). Over 90 % of their folate intake was supplied by cereals, fruit, natural juices, pulses, and 
vegetables (47). Higher proportion of Spanish adolescents (from whole of Spain) were consuming 
folate below the recommended EAR (91.3 %) as compared to adolescents from Southern Spain 
(29.8%) (46, 47).  
The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study conducted from 
eight cities in Europe (n = 3528; average age 14.7 years) reported mean folate intake of female 
adolescents (n = 1185; average age 14.7 years) of 195 µg/day via 24-hour recall (48). Lower intakes 
were observed for females of younger age groups (10 – 12 years: 177 µg/day; 13 – 14 years: 187 
µg/day) (48). The food groups that contributed to higher folate intake were vegetables (excluding 
potatoes), fruits, bread and rolls, with significantly increased red blood cell folate in relation to the 
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consumption of breakfast cereals, cereal products and fruits. Lower folate intakes were observed 
in response to intakes of cakes, chocolate, soft drinks, confectionary products, meat, snacks, and 
sugar products in both males and females (49). The intake of folate reached only about 50 % of the 
D-A-CH (Germany, Austria and Switzerland) recommendation (Population Reference Intake, PRI: 
400 µg/day) for the reported sample (48).  
Overall, the folate intakes of female adolescents appeared to be influenced by the country’s state 
of folic acid fortification, with higher intakes observed from the United States and Australia as 
compared to the rest. There is also a consistent trend across countries where folate inadequacy is 
more commonly observed among females of younger age group.  
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Table 1. Folate intakes of females and the prevalence of inadequate intake across countries 












below the NRV2 
(%) 
  
Values expressed in µg DFE /day 
Bailey et al., 2009 (39) United States Mandatory 14 – 18 EAR: 330 Mean intake ± SD: 
496 ± 14 
22.4 ± 2.7 
Gallagher et al., 2014 (42) Australia Mandatory 17 EAR: 330 Median intake: 204 93.5 
NCNPAS, 2007 (40) Australia Voluntary 14 – 16 EAR: 330 Mean intake: 380.9 29 




Voluntary 10 – 16 RDI: 
> 2/3 266.6 
Mean intake ± SD: 
276.20 ± 79.42 
29.8 
Russell et al., 1999 (4) New Zealand Voluntary 15 – 18 EAR: 150 Mean intake: 203 22.2 
Values expressed in µg /day 
Farhat et al., 2019 (43) England Voluntary 18 – 25 RNI: 200 Mean intake: 171.29 14 
López-Sobaler et al., 2017 
(46) 
Spain Voluntary 14 – 17 EAR: 330 Mean ± SD: 
242.7 ± 61.2 
91.3 
Evans et al., 2008 (37) New Zealand Voluntary 18 – 40 EAR: 320 Median intake: 362 37 
Beck et al., 2015 (36) New Zealand Voluntary 13 – 18 EAR: 330 Mean intake ± SD: 
301.7 ± 119.7 
61.9 
Diethelm et al., 2014 (48) HELENA3 Voluntary 15 – 18 RDA: 400 Median intake: 195 49 
1Folate intake from dietary sources only 
2Prevalence of inadequate intake are derived using the EAR/RDA cut-point method unless stated otherwise  
3European cities included in the study: (Athens, Heraklion (Greece), Dortmund (Germany), Ghent (Belgium), Lille (France), Pecs (Hungary), 
Rome (Italy), Stockholm (Sweden), Vienna (Austria) and Zaragoza (Spain)		
4Based on percentage median intake of population compared to reference value  
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3 Objective Statement 
The objectives of the present study were:  
1. To describe the dietary intake of folate (natural food folate and folic acid) in a sample of 
adolescent females in New Zealand.  
2. To determine the major food sources of natural food folate and folic acid intakes in a sample 
of adolescent females in New Zealand.  
3. To assess dietary folate adequacy (as Dietary Folate Equivalents) of the adolescent female 





4.1 Study design 
The present study is part of a larger cross-sectional, nationwide survey coined Survey of Nutrition 
Dietary Assessment and Lifestyle (SuNDiAL) project. The overall aim of SuNDiAL is to assess 
the nutritional and health status, and dietary habits, attitudes and motivations towards food choices 
of adolescent females in New Zealand. The purpose of the study is to compare the overall 
nutritional health of vegetarian and non-vegetarian adolescent females to inform future research 
and policy development with regards to a plant-based approach to eating. Data collection began in 
February 2019 and is anticipated to end in November 2020. The Masters of Dietetics (MDiet) final 
year students were responsible for participant recruitment and collection of all data alongside 
several other postgraduate students. For the purpose of this thesis, only data relevant to the dietary 
folate intakes from a sample of participants collected over a 6-week period between February and 
March 2019 will be discussed. The comparison between vegetarians and non-vegetarians is not 
included for the writing of this thesis. Other components of the study that have not been described 
nor discussed in this thesis include blood and urine measurements, physical activity, ulna length 
and attitudes and motivations of food choices.  
4.2 Ethical approval 
The study was approved by the University of Otago Human Ethics Committee (Health): H19/004 
and is registered with the Australian New Zealand Clinical Trials Registry: 
ACTRN12619000290190 (refer to Appendices: Appendix A).  Informed consent was obtained 
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from all participants. In addition, parental consent was obtained from all participants under 16 years 
of age.  
4.3 Selection and enrolment of high schools  
Eligible participants were recruited from high schools throughout the country selected based on 
their accessibility for the data collectors, school decile and female roll numbers. Co-ed high schools 
with a roll number less than 400 and all-girls high schools with a roll number less than 200 were 
excluded. The school deciles are categorised as low (decile 1 to 3), medium (decile 4 to 7), and 
high (decile 8 to 10), with decile 1 representing the 10% of schools with the highest proportion of 
students from low socio-economic status, whereas schools categorised as decile 10 has the least 
proportion of these students. A range of school deciles were selected to avoid over- or under-
representation of a certain socioeconomic groups. Figure 2 depicts high school selection and 
recruitment. Of the 97 schools that were eligible to take part in the study, 25 high schools were 
selected based on the inclusion criteria and contacted via email. Within two weeks of the initial 
contact, schools that did not respond to the emails were followed-up by a second round of emails 
and phone calls. A total of eight schools participated in the first phase, with 15 schools who did not 
respond, three schools who declined, and two schools who agreed to participate but did not follow-
up through. When the first round of the recruitment did not result in the enrolment of at least one 
high school in the targeted areas, convenient schools were recruited by the research team in the 
area via word of mouth or because a staff member of the school was known to the research team.  
For the first recruitment phase of the study, the following eight high schools were enrolled: 
Tauraroa Area School (Whangarei), Mt Maunganui College (Tauranga), Spotswood College (New 
Plymouth), St Catherine's College (Wellington), Waimea College (Nelson), Hornby High School 





Figure 2. Phase One SuNDiAL school recruitment flow chart 
4.4 Study Participants 
Participants were eligible if they were females between age 15 to 18 years and attended the enrolled 
high schools. Participants were also required to speak and understand English in order to complete 
the online, self-administered questionnaires. Participants whom were pregnant at the time of the 
study were excluded in addition to participants that were 15 years of age without parental consent.  
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Prior to study enrolment, an information session including a brief introduction of the MDiet student 
data collection team as well as goals and activities of the SuNDiAL project was held. Interested 
participants were asked to provide name, age, and contact information. SuNDiAL project invitation 
links were then sent to participants via email. The study link included an information sheet, 
informed consent form, and a series of demographic dietary habits and health questionnaires.  
4.5 Data Collection 
Online, self-administered questionnaire was used to collect demographic data including age and 
ethnicity and usage of dietary supplements, vegetarianism and health (Appendix B). Ethnicity was 
collected using the NZ Census 2013 question whereby participants were allowed to select all of 
that applied: New Zealand European (NZEO), (New Zealand European, Ethiopian, Somali, Italian, 
American, Nicaraguan, Irish, Afrikaans, Dutch, German and South American), Maori, Pacific 
(Tokelau, Fijian, Cook Island Maori, Samoan, Māori, Samoan), and Asian (Filipino, Japanese and 
Indian). In addition, information on dietary habits and attitudes and motivations to food choices 
were also collected. Following the completion of the online questionnaires, participants were 
contacted to schedule a study visit where 24-hour recall was conducted and anthropometry 
measurements were taken.  
4.6 Dietary assessment 
Dietary intake data were collected using two 24-hour recalls.  The first recall was interviewer-
administered, and the second recall was conducted over the phone. Participants were asked to recall 
all food and beverage intake from the previous day (midnight to midnight). Table 2 presents the 
percentage of dietary records collected on each day. Tableware and food photographs depicting 
portion sizes (prepared by SuNDiAL research team) were used in aiding the participants to recall 
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and estimate the portion sizes of food items they consumed. A three-stage pass was used to conduct 
the recall as follows:  
1. A ‘Quick List’ of all foods and beverages (without quantities) consumed during the previous 
day (midnight to midnight) was obtained. At the end of the ‘Quick List’, participants were 
asked to estimate the total amount of beverages they have had on the recalled day.  
2. Detailed descriptions regarding all items consumed were then obtained using specific questions 
and prompts, including cooking methods, recipe for mixed dishes (where known), any additions 
made before consumption (such as condiments), brand and product name, time consumed, 
source (homemade or store bought) and state of the foods (fresh, canned, frozen or rehydrated).  
Estimates were made of the amounts of items consumed, wherever possible (cups, tablespoons), 
using food photographs, shape dimensions, food portion assessments aids (e.g., dried beans) 
and packaging information. Any leftovers or second helpings of the foods were also estimated 
in the same manner.  
3. All items were reviewed with participants in a chronological order. Any additions and changes 
were made at this point.  
Upon completion of the first 24-hour recall, the participants were asked to identify the kinds of salt 
used at home (iodised vs non-iodised salt) and were invited to take part in the second 24-hour recall. 
The second 24-hour recall took place on the following week (on a day different to the first recalled 




Table 2. Distribution of data collection days 
Days of the week n % of data collected/day 
Monday 38 15.5 
Tuesday 27 11.0 
Wednesday 53 21.6 
Thursday 45 18.4 
Friday 31 12.7 
Saturday 25 10.2 
Sunday 26 10.6 
Participants were asked to recall all dietary supplements (including frequency and duration) 
consumed in the past 12 months. Each supplement was then classified into one of the following 
categories: multivitamin and/ or multimineral, single vitamin or mineral, oil, bran, lecithin, 
Linseeds, Sunflower seeds and Almonds (LSA), kelp, spirulina, glucosamine and or/ chondroitin, 
echinachea, ginkgo, hypericum (St John’s Wort), sports supplement or others. Participants were 
also asked to provide name and specific product brand information alongside with pictures of the 
supplements’ packaging, including list of ingredients.  
4.7 Nutrient analysis 
Descriptive data on nutrient intakes including natural food folate and folic acid were calculated 
from the 24-hour diet recalls using FoodWorks (Version 9; Xyris Software, Australia) based on 
The Concise New Zealand Food Composition Tables (FOODfiles, 12th edition 2016). Dietary 
folate data in FoodWorks are reported in µg as naturally occurring food folate, folic acid (from 
fortified foods) and total folate (sum of food folate and folic acid). Total folate intakes were 
expressed as DFEs using the following equation:  
!"# = µ&	())*	()+,-. + (µ&	*1.-,23	()+14	,41*	 × 	1.7) 
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Estimated nutrient intakes were calculated from the dietary data, and the prevalence of inadequate 
micronutrient intakes were estimated using age- and sex- specific EAR cut point method based on 
the Australian and New Zealand Nutrient Reference Values (27).  
To ensure the consistency of dietary data entry across MDiet research students, default foods and 
food substitution codebook was created by the SuNDiAL research team (Appendix C). The default 
food items list was used when food items had insufficient information (e.g., brand was not 
provided) to be entered into FoodWorks. Likewise, the codebook provided substitution foods 
(including recipes such as macaroni and cheese) in the case of foods with no exact match in 
FoodWorks. For food items where the specific weight or size were not provided by the participants, 
data collectors were instructed to follow strictly the rules on food weight estimation in the code 
book to maintain uniformity of the data entered.  
For foods that were introduced to the market after the update of the latest version of FoodWorks 
(e.g., bliss balls), data collectors were required to substitute it with a closely related food (of a 
different brand or variety) already present in FoodWorks. However, if the nutritional information 
(energy and macronutrients) of the new product (based on the manufacturer’s nutritional 
information panel) could not match up within 10% of the one on FoodWorks then a new recipe 
was created for the food item. It is important to note that moisture retention and cooking methods 
were also taken into account for all recipe data. 
The SuNDiAL research team independently checked all diet records entered into FoodWorks to 
ensure the accuracy of nutrient analysis.  
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4.8 Food groups analysis 
To calculate for the food groups that contributed to the dietary intake of folate, the New Zealand 
Adult Nutrition Survey 2008/09 food grouping method was used in the SuNDiAL project (50). 
Food items reported in the 24-hour recall were allocated to food groups (n = 33) to allow for the 
estimation of sources of nutrient by ‘food type’.  
4.9 Total food folate adjustments:  
The New Zealand Food Composition Tables were last updated in 2016, and as such, the folate 
content of all breads and ready-to-eat breakfast cereals consumed by participants were reviewed. 
A value of 162 µg of folic acid per 100 g of bread was assigned to all breads identified as containing 
this fortificant. This value was based on the average amount of folic acid analysed in bread derived 
from the latest annual analytical (51). For folate fortified cereals that were being consumed by the 
participants, total folate values were adjusted if needed based on the manufacturers’ value as 
depicted on the nutritional label.  
4.10 Anthropometry measurements  
Height, and weight measurements were taken from participants following standardised protocols. 
Participants were asked to remove any heavy outer clothing, shoes, as well as any hair ornaments 
or buns/braids on the top of the head prior to taking their measurements. 
Height was measured using a portable stadiometer (Seca 213 and Wedderburn). A step stool was 
provided for measuring participants taller than the data collector to minimise reading error. The 
participants were asked to stand on the centre of the base with their back to the stadiometer, with 
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feet flat and heels together touching the back of the stadiometer with toes apart pointing outward 
(at 60-degree angle). The buttocks and shoulder blades were also required to touch the stadiometer 
in an upright position. Participants were also told to look straight ahead, shoulders relaxed, arms at 
sides with legs straight and knees together.  
To ensure participants’ heads were aligned in the Frankfort horizontal plane, data collectors would 
tilt the participants’ chins until a horizontal line could be drawn visibly from the participants’ ear 
canal to the lower border of the orbit of the eye. The participants were then asked to stand as tall 
as possible and take a deep breath when the headpiece was lowered onto the top of the participants’ 
heads firmly. Results were recorded to the nearest 0.1 cm, with at least two measurements taken. 
If the measurements differed by more than 0.5 cm, a third measurement was taken.  
Weight was measured using electronic weighing scales (Seca Alpha 770, Medisana PS 420, Salter 
9037 BK3R and Soehnie Style Sense Comfort 400), with a maximum weight of 200kg. The 
participants were asked to stand on the centre of the scales with body facing the opposite direction 
of the scale display and their arms loosely by their sides. Two measurements were taken each to 
the nearest 0.1 kg, with a third measure taken if result differed by 0.5 kg.  
The World Health Organization (WHO) growth reference for school-aged children and adolescents 
was used to indicate body mass index (BMI) status for participants using their respective height 
and weight measurements (52). WHO z-score reference values for girls’ BMI-for-age are as follow:  
• BMI z-score < -2 = Underweight  
• BMI z-score ≥ -2 and ≤ 1 = Healthy weight  
• BMI z-score > 1 and ≤ 2 = Overweight  
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• BMI z-score > 2 = Obese  
4.11 Statistical analysis 
The SuNDiAL project will recruit 300 high school students from the 14 high schools that enrolled 
to yield a 80 % power to the α = 0.05 level to detect a 0.5 standard deviation difference (a 
“moderate” difference) in continuous outcome variables between vegetarians and non-vegetarians, 
assuming a prevalence of vegetarianism of 20 % and a design effect (for school clusters) of 1.5. A 
total of 145 participants were recruited in this first phase of the SuNDiAL project.  
Dietary data management and statistical analysis was performed by the study biostatistician, Dr Jill 
Haszard. Stata (version 15.1; Stata Corp, Texas) was used to determine participants’ mean folate 
intake and the food sources of folate . The total amounts of nutrient intake from each of the 33 food 
groups was calculated for each participant. The ten food groups with the highest median intakes 
for the whole group were then reported (and if the median was the same, then the top 75th percentile 
was used). For each participant, the proportion of their total nutrient intake from each of the 33 
food groups was calculated. Mean and 95% confidence intervals of these proportions were 
calculated for the whole group.  
Descriptive statistical analysis was used for demographic data, anthropometry measurements and 
estimates of dietary folate intakes. Descriptive data are presented as medians and percentiles (25th 
and 75th) and demographic data are expressed as mean (standard deviation [SD]) or percentages. 
Estimates of median dietary folate intakes and the 25th and 75th percentiles were expressed in µg 
as folic acid (from fortified foods), natural food folate and DFEs. The prevalence of inadequate 
folate intake was calculated using the EAR cut-point methods based on the Australian and New 
Zealand EAR of 330 µg for female adolescents 14 to 18 years. Dietary intake data was adjusted for 
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usual intake using the Multiple Source Method (MSM) by biostatistican Dr Jill Haszard (53). This 
procedure estimates the day-to-day variation in nutrient intake using those data from those 
participants who completed two days of diet recall and applies this information to the whole dataset 




The flow of participants through the first phase of SuNDiAL project 2019 is shown in Figure 3. 
Of the 806 eligible participants, 263 participants expressed interest and were invited to participate. 
One-hundred and forty-four participants enrolled in the study, with 132 participants completing the 
diet recalls and anthropometric data; one consented participant did not complete the socio-
demographic questionnaire yet completed two 24-hour recalls, yielding one missing value for the 
demographic variable. Of the remaining data collection points, anthropometric measurements were 
missing for two participants due to technical issues and 19 of 132 (14%) participants declined to 
take part in the second 24-hour recall.  
Participants characteristics are shown in Table 3. The average age of the participants was 16.7 
years, and the majority were New Zealand European and Others (NZEO), with over half of the 
participants attending a decile school of 6 or more. Nearly two-thirds of participants were classified 
as normal weight and thin, with the remaining participants classified as overweight and obese.  
The estimated mean intake of energy of the sample population was 8066.4 ± 1832.5 kJ. Table 4 
shows the estimated usual intake of folate and prevalence of inadequacy. The total median folate 
(25th and 75th) intake of the participants was 347.2 (216.0, 430.3) µg DFE/day, with 42% of 
participants consuming intakes below the EAR. Individuals who appeared less likely to achieve 
folate requirements included younger participants (less than and equal to 16 years), participants 
with higher BMI (overweight and obese), and those from lower decile schools (less than 5). Folate 
intakes and prevalence of inadequacy also appeared to differ among ethnic groups, albeit 
interpretation is limited due to small sample sizes, particularly for Asian and Pacific participants.   
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Overall, the majority of total folate intake (DFEs) was derived from natural food folate sources; 
however, more than one-third of folate intakes were comprised of folic acid (Table 4). Folic acid 
intakes did not appear to differ among subgroups with the exception that intakes were nearly double 
in Pacific participants. The majority of participants (100 of 132; 76%) were consuming folic acid 
fortified foods, with half of the sample population (51 of 100; 51%) consuming folic acid above 
100µg/day. For those participants who achieved intakes above the EAR, energy intakes appeared 
higher despite similar BMI and folic acid intakes were nearly doubled compared to those who did 
not achieve adequate intakes (Table 5).  
Table 6 shows the top ten food groups contributing to the mean percentage intake of total folate of 
female adolescents in the sample population. Breads (as consumed by 82% of participants) were 
the largest contributor to folate intake followed by vegetables (consumed by 84% of participants). 
Breakfast cereals were ranked as the third highest contributing food source to folate intakes yet 
were consumed by the least proportion of the participants (38%). 
Lastly, a total of 42 participants reported consuming dietary supplements, including six participants 
consuming a supplement containing folic acid. Folic acid-containing supplements included 
multivitamins, spirulina and B-complex (containing a range of B-vitamins), with dosage ranging 
from 50 µg to 400 µg. Over 40% (18 of 42) of participants reported daily supplement use (four of 
which were consuming supplements containing folic acid), with the remaining being consumed 






Figure 3. Recruitment of Phase One SuNDiAL participants 
Eligible participants sent link to 
enrolment 
N = 263 
 
Eligible participants 
N = 1882 
• Present at recruitment drives, n = 806 
Consented to participate 
N = 154 
• 16 – 18 year olds responded, n = 98 
• 15 year olds responded after parental consent, n = 56 
 
Eligible participants  
(16 – 18 years old) 
N = 182 
• 16-18 year olds did not respond, n = 84 
 
Eligible participants  
(15 years old)  
N = 81 
• Parents did not respond, n = 13 
• Participants did not respond after 
parental consent, n = 10 
• Participants responded to link but 
declined, n = 2 
 
Attended school visit 
N = 132 
• Completed anthropometric measures, n = 130  
- Missing due to technical issues, n = 2 
• Completed first 24 hr recall, n = 132 
• Completed repeat 24 hr recall, n = 113 
• Refused repeat 24 hr recall, n = 19 
Completed enrolment 
N = 145 
• Completed the health & demographics 




Table 3. Demographic and anthropometric characteristics of Phase One SuNDiAL participants1 
Characteristics n n (%)2 










BMI z-score (mean ± SD) 130 0.65 ± 1.04 
BMI category 
Thin < -2  
Normal ≥ -2 and ≤ 1 
Overweight > 1 and ≤ 2  






































Abbreviations: BMI, Body Mass Index; NZEO, New Zealand European or Other. 
1Data missing as follows: Ethnicity (n = 1) and Anthropometry (n = 2). 




	Table 4. Usual folate intake (µg/day) of folic acid, food folate and total folate DFEs intake, and the prevalence of inadequate folate intake in 











n (%) Median (25th – 75th) µg/day 
Overall folate intake  132 (100) 102.5 (75.1, 145.4) 223.9 (161.7, 263.4) 347.2 (216.0, 430.3)  55 (41.7) 




 53 (40.2) 
 79 (59.9) 
 
103.4 (80.6, 143.8) 
102.5 (74.6, 158.1) 
 
193.5 (161.0, 270.3) 
214.3 (167.8, 261.6) 
 
320.8 (191.0, 446.3) 
362.1 (230.9, 428.3) 
 
 26 (49.0) 
 29 (36.7) 
BMI category (n = 130)2 
≤ Healthy weight 
≥ Overweight   
 
 85 (65.4) 
 45 (34.6) 
 
100.7 (74.6, 142.8) 
99.2 (74.8, 119.9) 
 
204.6 (161.5, 261.8) 
185.8 (148.8, 253.9) 
 
339.5 (214.9, 424.8) 
318.6 (191.0, 414.8) 
 
 34 (40.0) 
 (21 (46.7) 






 92 (70.2) 
 28 (21.4) 
 5 (3.8) 
 6 (4.6) 
 
100.0 (76.1, 142.1) 
108.2 (68.3, 144.0) 
179.43 (96.5, 258.9) 
108.6 (70.6, 156.2) 
 
197.4 (168.8, 262.0) 
232.5 (144.9, 262.3) 
272.7 (253.2, 362.8) 
142.8 (134.7, 167.7) 
 
347.6 (218.4, 426.6) 
315.5 (197.4, 469.0) 
383.3 (376.7, 795.4) 






Decile (n =132) 
≤5  
6 – 7  
≥ 8 
 
 39 (29.6) 
 50 (37.9) 
 43 (32.6) 
 
100.7 (75.1, 143.6) 
101.5 (74.9, 143.7) 
101.5 (74.4, 144.0) 
 
198.9 (161.5, 260.8) 
202.0 (161.5, 260.8) 
202.7 (164.5, 268.9) 
 
339.5 (214.9, 429.1) 
343.1 (214.9, 429.1) 
346.5 (217.1, 431.0) 
 
 23 (59.0) 
 18 (36.0) 
 14 (32.6) 
Abbreviations: DFE, Dietary Folate Equivalents = µg of folic acid * 1.7 + µg of natural food folate.  
1Number of participants below the EAR-cut off were individually calculated and divided by the total number of participants from the same 
subgroup and multiplied by 100. 
2Missing data without dietary intake information were excluded from this analysis.
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Table 5. Comparing the characteristics and folate intakes of female adolescents (n = 132), aged 15 
to 18 years from New Zealand, grouped by total folate DFEs intakes below EAR and total folate 
DFES intakes equivalent or above EAR  
Participants characteristics Intakes < EAR1 
(n = 55) 
Intakes ≥ EAR1 
(n = 77) 
Energy intakes2, kJ/day 
BMI z-score, mean ± SD 
Folate intake2 
Folic acid (µg/day) 
Natural food folate (µg/day) 
Total folate (µg/DFE/day)  
7497.1 (6542.2, 8313.1) 
0.8 ± 1.2 
 
60.9 (39.6, 86.6) 
161.8 (132.0, 217.2) 
227.0 (165.3, 288.0) 
8361.8 (7044.1, 9499.6) 
0.6 ± 0.9 
 
114.6 (90.7, 169.8) 
241.8 (189.5, 290.7) 
419.5 (371.9, 588.5) 
 Abbreviations: Estimated Average Requirements (EAR), Body Mass Index (BMI) and Dietary 
Folate Equivalents (DFEs).  
1Total folate intakes (DFEs) compared against gender- and sex- specific folate EAR (27).  
2Values are expressed as median and percentiles (25th, 75th) unless stated otherwise. 
 
 
Table 6. Top ten sources of folate in the diets of a sample of female adolescents (n = 132) aged 15 
to 18 years, from New Zealand, categorized by food groups  
 
Food group % Contribution to total folate intake of population 
Number of participants 
consuming food group 
 Mean (95% CI) n (%) 
Breads1 17.7 (14.2, 21.1) 108 (81.8) 
Vegetables  10.9 (8.7, 13.0) 111 (84.1) 
Breakfast cereals 10.8 (7.6, 14.0) 51 (38.6) 
Bread based dishes 6.2 (3.9, 8.4) N/A3 
Fruits 5.8 (4.4, 7.2) 100 (75.8) 
Savoury sauces and condiments 5.7 (3.5, 7.8) 88 (66.7) 
Potatoes, kumara and taro 5.2 (4.0, 6.4) 90 (68.2) 
Grains and pasta 5.2 (3.8, 6.5) 97 (73.5) 
Eggs and egg dishes 4.6 (3.0, 6.1) N/A3 
Supplements2 3.5 (1.7, 5.3) N/A3 
        1Breads including rolls and specialty breads.   
        2Supplements including meal replacements drinks, protein and carbohydrate supplements. 
        3Data not available. 
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Table 7. Typical folate levels in folate-rich foods (3)  
Food items Folate (DFE)1 
 
Amount to consume to 
achieve daily EAR 
(330µg/day), serve Per 100g Per serve2 
Broccoli, boiled, drained   31 26 12.7 
Spinach, English, boiled 130 100 3.3 
Silverbeet, leaves & stems, boiled 32 12 27.5 
Mandarin, flesh, raw 36 31 10.6 
Orange, flesh, raw, USA  27 40 8.3 
Orange juice 28 72 4.6 
Fortified bread3 309 93 3.5 
Unfortified white bread, toast 28 11 30.0 
Fortified breakfast cereals4 360 144 2.3 
Chickpea, canned in brine, drained  56 120 2.8 
Pate, chicken/pork liver  99 14 23.6 
Abbreviations: Estimated Average Requirements (EAR) and Dietary Folate Equivalents (DFEs). 
1Formula to derive total folate (DFE) = (folic acid * 1.7) + food folate.  
2Serving size based on Ministry of Health Food and Nutrition Guidelines for Healthy Children and 
Young People (aged 2- 18 years) (54). 
3Calculation based on Codebook food weight estimation defaults: 1 toast slice (toasted) = 34.5g; 
mean food folate value based on FoodWorks = 33.7 µg. 
4Median folic acid concentration: 200µg/100g cereal (6); Mean food folate value based on 
Foodworks: 20.2µg; Per serving size of cereal based on mean of nutritional information panel of 


















6 Discussion and Conclusion 
The present study examined the dietary folate intakes and the prevalence of inadequacy among a 
convenience sample of female adolescents in New Zealand. The results indicated marked 
inadequacy in folate intakes (41.7 %), despite a fairly substantial proportion of overall intakes being 
derived from folic acid fortified foods such as bread and breakfast cereals. The findings indicated 
high risk of inadequate folate intakes among participants from lower decile schools, and of Maori 
and Asian descent, albeit sample size was small and no statistical investigation was performed.  
Overall the high prevalence of folate inadequacy among female adolescents in the present study 
imply a concerning shortfall in the diets of this lifecycle group. Of particular importance, the results 
indicate that total folate intakes among reproductive age women have not increased over the last 
20 years despite increased voluntary folic acid fortification of breads in New Zealand. This is 
supported by the findings from Evans et al who reported slightly higher folate intakes among New 
Zealand reproductive age women in 2008, albeit the average age of participants was 24 years (37). 
Furthermore, a more recent study of Beck et al in 2015 also reported a similar folate intake among 
a sample of female ballet dancers residing in Auckland (average 14 years); these individuals, 
however, were highly active and may not represent the usual dietary intakes of New Zealand female 
adolescents (36).   
Due to varying EARs applied across studies, the prevalence of inadequate folate intakes of female 
adolescents across countries is difficult to compare. Moreover, recent mean total folate intake of 
female adolescents in countries with mandatory folate fortification such as United States and 
Canada are much higher with intakes of 496 DFE µg/day and 646 DFE µg/day, respectively (39, 
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55). Among other countries with voluntary folate fortification such as Spain and Europe, the mean 
and median folate intake of female adolescents ranged from 195 µg/day to 276 µg/day – intake 
levels far below their recommended EAR respectively (43, 47). The current intakes of female 
adolescents in New Zealand is still far from achieving the folate intakes that are seen in countries 
with mandatory fortification.   
Differences of folate intake observed among various socio-demographic subgroups were apparent 
and warrant further investigation with a larger sample size. Participants from lower school deciles 
had a greater risk of suboptimal intake. Although decile is not entirely reflective of socioeconomic 
status, these results raise concern as previous literature in low income individuals showed lower 
intakes of dietary folate (56, 57).  
Participants of Asian ethnicity were consuming the least amount of folate in the present study. 
Evidence show that food fortification vehicles that are being targeted in New Zealand such as 
breads and bakery products and other cereals are consumed fewer by Asian women than New 
Zealand Europeans, placing this group at further risk of poor folic acid intakes (58). 
Interestingly, the estimated median folic acid intake of participants in the present study was at least 
twofold that reported in the 2008 study of New Zealand reproductive age women despite similar 
reports in the prevalence of folate inadequacy (37). The proposed yet withdrawn mandatory bread 
fortification in New Zealand in 2012 was estimated to provide median intakes of folic acid and 
food folate among women of childbearing age of 135 µg/day and 261 µg/day, respectively. 
Participants in the present study whom achieved the EAR had median intake of folic acid of 115 
µg/day similar to the modelled mandatory fortification scenario albeit folic acid intake was derived 
from a number of food groups in addition to bread.  
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Identification of the major food group contributors to dietary folate intakes provides insight to both 
the current and potential food fortification vehicles. In the present study, the primary contributors 
of folate intakes were breads, vegetables and breakfast cereals. These results are similar to the 
major food group contributors identified in the 1997 National Nutritional Survey (4). Breads was 
the top contributor of folate in the present study and consumed by the majority of participants 
whereas breakfast cereals were ranked as the third greatest contributor yet consumed by only one-
third of participants. This finding reflects the high content of folate present in breakfast cereals, 
which has remained stable at 200 µg folic acid per 100g finished product from 2014 to 2017 (6). 
Other countries without mandatory fortification, such as United Kingdom and certain cities in 
Europe have also consistently reported breakfast cereals as one of the major folate contributors (49, 
59). In contrast, studies conducted in Brazil and Spain reported lentils and pulses among top folate 
contributors which did not rank among the top ten food contributors in the present study (45, 49).  
Out of 12 food categories that are permitted to fortify with folic acid voluntarily in New Zealand, 
only four categories (breads and bakery products, cereal products, snacks and condiments and 
supplementary foods) fell within the top ten contributors of folate intake being consumed by female 
adolescents (6). Other permitted food products such as non-alcoholic beverages, milk and milk 
products, snack foods and convenience foods (including soups) did not rank in the top contributors.  
In response to the mandatory bread fortification programme being revoked in 2012, the Ministry 
of Primary Industry pledged to work alongside the baking industry to achieve a 50 % bread 
fortification target at a level of 200 µg folic acid/100 grams (60). This voluntary 50 % fortification 
target was predicted to increase folic acid intake by 10 µg/day (37). In 2017, this target was not yet 
reached, with only 24 % of bread by volume fortified with folic acid (6). Moreover, a recent audit 
of 85 breads found that the mean fortification level was lower than anticipated at 162 µg (median: 
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164 µg) folic acid/100 grams of bread (51). The amount of folic acid derived directly from fortified 
bread consumption in the present study is unknown as folate intakes were not quantified by specific 
food items.   
In order to achieve dietary folate requirements, adolescent females would need to be aware of foods 
that are naturally rich in folate and the recommended amount to consume to meet their needs. A 
survey of New Zealand women of childbearing age conducted in 2010 found that most women 
(39%) did not know the types of food fortified with folic acid and a quarter of them could not 
identify a specific food source of folate (6). Only a quarter (24 percent) of them identified green 
vegetables as a good source of folate (6). Table 7 provides a sample diet depicting the amount of 
folate-rich foods that would need to be consumed to achieve daily EAR for non-pregnant, non-
lactating adolescent females. Depending on the types of fruits and vegetables being consumed, 
female adolescents will need to include fortified breads and cereals into their diet in addition to 
achieving five-plus a day as three servings of non-starchy vegetables and two servings of fruits. It 
is quite apparent that achieving the EAR solely through natural folate-rich food sources is difficult.  
6.1 Strength and Limitation 
This study has a number of limitations. Firstly, the accuracy of the food composition database is 
uncertain as the majority of imputed values for folate have been derived from manufacturer report 
values rather than analysed reports. In addition, natural folate and fortificant folic acid are often 
difficult to disentangle from reports of total folate listed on the nutrition information panel.  For 
example, under the Food Standard Code, food manufacturers have the freedom to declare folic acid 
concentrations as either total folate (includes naturally occurring folate and folic acid) or solely 
folic acid in the NIP (6).  For products with added folic acid (such as breakfast cereals) that reported 
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total folate, natural food folate values from a similar food product were used to calculate the folic 
acid content. As such, the true level of folic acid may have been over- or under-estimated in some 
products. A second limitation of the study was the non-representative nature of the sample 
population and limited number of participants in various subgroups of interest. Third, participants 
who did not achieve the EAR appeared to have lower energy intakes when compared to those who 
achieved the EAR (as seen in Table 5); however, misreporting of food intakes is a common 
limitation of self-reported dietary assessment methods. In particular, under-reporting is more 
common among female adolescents as well as those with higher BMI status due to psychosocial 
weight-related factors (61). Energy intakes in the present study were not adjusted for under- and 
over-reporters. It is, however, possible that diet recalls which appear to be underreported may be 
reflective of actual intakes due to restrictive eating or dieting in this lifecycle group (61, 62). Lastly, 
supplemental intake was not accounted for in usual daily folate intakes and as such, estimated 
dietary folate may be underestimated albeit there were only six participants consuming folic acid 
containing supplements on a regular basis.  
6.2 Conclusion 
To our knowledge, this is the first study in New Zealand to evaluate dietary folate intake as 
naturally occurring food folate and fortificant folic acid intakes among healthy female adolescents 
in the last ten years. Moreover, nationally representative data available on the dietary folate intakes 
of female adolescents in New Zealand are now over 20 years old, with the last survey reporting 
folate conducted in 1997. Results from this survey indicate that the folate intakes of female 
adolescents aged 15 to 18 years in New Zealand, were mostly inadequate and have not met the 
required EAR over time despite increased voluntary folic acid fortification of breads. Achieving 
adequate folate intake is difficult and would likely include increased consumption of folic acid 
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fortified foods. Although it was beyond the scope of this research to assess factors influencing 
inadequate folate intake, public health initiatives should educate female adolescents regarding 
possible food choices high in folate (possibly with the addition of fortified foods), since health 
behaviour adopted in adolescence might be carried over in adulthood and may thus play an 

































7 Application of Research to Dietetic Practice 
Adolescence is a period of rapid growth and development characterised by physical, cognitive, 
emotional, social and behavioural changes. From a nutritional perspective, adequate and optimal 
intakes provide the foundations for good health in adulthood. The findings of this study provide 
insights to the usual folate intakes of female adolescents living in New Zealand and raise concern 
regarding their ability to their meet recommended needs.   
Dietitians need to be able to work with persons of all ages with consideration to an individual’s 
unique cultural needs when assisting them to achieve optimal nutritional status. Female adolescents 
are at a sensitive phase in time where they gain autonomy in their food choices and sometimes 
restrict certain foods. When assessing nutritional adequacy of female adolescents, this research 
contributes to the awareness of dietitians to identify the types of breads and breakfast cereals they 
are currently consuming. More research is required to explore barriers that are preventing 
adolescence from achieving adequate folate intakes to design nutritional interventions, that are 
realistic and achievable. For dietitians in foodservice roles, these results will guide menu auditing, 
ensuring folate intakes are optimum.  
From a governmental perspective, it appears that folate intakes of female adolescents over the years 
have not improved despite voluntary folate fortification efforts and targeted increase of fortified 
breads in New Zealand. Voluntary fortification regulations rely on the willingness and acceptance 
of food manufacturers to achieve effective fortification of the target vehicle. Food manufacturers 
have the freedom to randomly select as many or as little of products at any fortification level within 
the regulations. This situation also presents challenges with regards to the accuracy of food 
composition databases. Moreover, consumers are often not aware of these changes. As such, a 
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recent expert working group has called for the re-consideration of mandatory folate fortification to 
meet the folic acid needs of all women of childbearing age (60). Findings from this study will 
contribute much needed dietary folate intake data to better understand fortification modelling 
including fortification of other food vehicles in addition to bread to address cultural aspects of 
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9.3 Appendix C: SuNDiAL Codebook 2019 
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